A recent infestation of the "Crown-of-Thorns" starfish, Acanthaster planci (L.), killed a high proportion of the fringing reefs of Guam. This study is a distributional analysis of the state of the extant coral community to determine whether or not recovery is taking place. The study region is located at Tanguisson Point, Guam, where prior to the starfish predation a well developed fringing reef occurred. This region was heavily infested by an Acanthaster planci population from June, 1968 to September, 1968. The infestation resulted in the death of more than 95 percent of the reef building (hermatypic) corals.
Introduction
Purpose and Scope of the Study: In February, 1967 , the coral eating "Crown-ofThorns" starfish, A canthaster planci (LINNAEUS) , was noted in above normal population densities, along local portions of the relatively sheltered northern half of Tumon Bay ( Tumon Bay (Fig. 2) , sometime between June, 1968 , and September, 1968 . By April, 1969 , nearly all the starfish had migrated out of the Tanguisson area, leaving over 95 percent of the reef building (hermatypic) corals dead in the area seaward of the reef front zone. In September, 1969, the University of Guam Marine Laboratory was awarded a grant from the Environmental Protection Agency (Grant No. 18050-EUK) to study the marine environment at the proposed site of the Tanguisson Point electric power generating plant. The facility (Fig. 2) is a fossil-fueled steam plant utilizing seawater, obtained from the reef margin through an open channel, to cool the steam condensers. After passing through the condensers the heated seawater is then piped to an outfall which empties onto the reef platform at the intertidal (littoral) zone (Fig. 2) . The primary objective of the grant was to obtain baseline data, before the plant became operational, for use in determining the effects of the heated outfall water upon the fringing reef ecosystem. A secondary objective was to monitor the recovery rate of corals in the reef zones killed by A. planci. The purpose of this study is to assess, over a period of one year, the changes that have occurred in the distribution of the reef corals in the Tumon-Tanguisson region. Three permanent transects were established ( Fig. 3 ) and the first distributional studies conducted in 1970, one year after the initial A. planci infestation. A second study was conducted in 1971, on the same transects, two years after the initial A. planci infestation. Previous Work: Little previous work has been done on the fringing reefs of Guam with respect to coral distribution. Most studies are of a geological nature, dealing mainly with various physical parameters of the reef complex. Some coral collections were made on Guam and Saipan by CLOUD (1954 and 1959) , during U. S. geological surveys of these two islands. A list of coral genera was compiled from these collections by WELLS (1954) . TRACEY eta!. (1964) conducted several reef traverses in the study area. As far as could be determined, no systematic coral collections were made by TRACEY but several coral genera are listed by reef zones from "Reef Traverse 2, at Tumon Bay." The following genera are reported: 1) from the reef margin-Acropora, Pocillopora, Favia, and Millepora; 2) from the reef flat-Porites in the outer part, Acropora, Pavona, and Pocillopora in the inner part. In 1968 , RANDALL (1971 made a distributional analysis of the reef corals at Tumon Bay, prior to the A. planci infestation and reported 36 genera and 146 species from the region (Table 1) WELLS, 1954 .05 
Other work on the reefs of Guam was done by STEARNS (1940 ), CLOUD (1951 ), and TAYAMA (1952 . Coral distribution was not included in these studies. A study of the marine geology of Guam by EMERY (1962) includes investigations of submarine slopes, lagoon floors, channels through fringing reefs, beaches, and rocky shores.
The first observation of an infestation of A. planci on Guam was made in the Tumon Bay-Tanguisson Point region in 1967 by RANDALL (1971) . These and other observations were first reported by CHESHER (1969a and 1969b) . CHESHER describes A. planci population movements, densities, feeding behaviour, relative coral predation rates, control measures, and possible causative factors related to the sudden increase in numbers of starfish in various Indo-Pacific regions. TsUDA (1971) describes the current status of A. planci on Guam with regard to population densities, location of infested reefs, and an extent of the coral damage.
General Description of the Study Area and Control Area:
The fringing reef flat platform along this section of coastline is relatively narrow (Figs. 1 and 2) and is bordered by steep limestone slopes and cliffs (Fig. 2) . The reef flat platform ranges in width from 70 meters at Transect A to 110 meters at Transect C. TRACEY et al. (1964) decribes this region of coastline as possessing well developed fringing reefs with a luxuriant growth of corals.
In order to establish coral recovery rates for the Tanguisson Point study area it was necessary to use data from the distributional work done by RANDALL (1971) at Tumon Bay. This work shows that with the exception of the reef flat platform, the reef zones at Tumon Bay and Tanguisson Point were fairly similar in respect to coral distributional, topographical, and developmental features. Because of these similarities and the previous coral distributional studies conducted there, the Tumon Bay reef is used as a control to establish baseline data for determining the degree of coral reef recovery at Tanguisson Point.
At Tanguisson Point the greatest A. planci damage to reef corals was more or less restricted to the seaward slope, submarine terrace, and the outer part of the reef front zones. Some local damage occurred on the inner half of the reef front and the reef margin zones. Acanthaster damage followed a similar pattern at Tumon Bay except for the reef margin and inner part of the reef front zones, where reduced wave and surf activity found there enabled the starfish to more effectively attach to the corals in these zones.
Methods
Three permanent transects (A, B, and C) were established at right angles to the reef margin at Tanguisson Point (Fig. 3 ). Stations were established at 10 meter intervals along the transect lines from the intertidal (littoral) zone to a depth of 30 meters on the seaward slope zone (Fig. 4) . These station locations were permanently marked by placing three to five links of ship anchor chain (4.7 kilograms per link) at each. Stations were identified by attaching numbered fiberglass cards to the anchor chain links. For ease in locating the transect stations the numbered cards were suspended approximately 0.5 meters above the anchor links by a plastic float (Fig. 5) . At each station a reference point was established at the point where the numbered card was attached to the anchor links.
Two wire grid quadrats, each one meter square, were positioned at the station reference point. To insure placement of the quadrat grids at the same location, during .., .., each study period, the seaward adjacent corner of each grid was placed on the reference point. The adjacent sides of these two grids were then visually aligned with the next shoreward station marker. Facing in a shoreward direction the right and left hand quadrats were given the numbers one (I) and two (2) respectively. After positioning of the quadrat grids the following data were recorded from each: 1) the transect station number; 2) the quadrat number; and 3) the specific name, size, and growth form of each living coral found within the confines of the grid. Various coral growth forms listed in Table 6 follows, for the most part, those described by WELLS (1956) . A columnar form was added which differentiates an intermediate mode of development between the massive and ramose forms. Ramose forms were subdivided into corymbose, cespitose, and arborescent modes of branching.
Size measurements of coral colonies were determined by using a meter stick with moveable trammel points. If the coral colony was more or less circular, measurement was made at the widest point across the corallum. If the colony was irregular, its outline was sketched and several measurements of length and width were recorded.
For the purpose of coral distributional analysis the fringing reef platform and offshore slopes were divided into zones based on those described by TRACEY et al. (1964) . These zonal divisions (Figs. 2 and 4 ) are based on various physical parameters such as degree of reef surface exposure at high tide, degree of reef surface submergence at low tide, amount of submarine slope, and reef topographical features which are controlled by growth and erosional processes.
Transect locations were based upon the location of the power plant outfall site (Fig. 3) . To study the direct effects of the heated water, Transect B was placed at the outfall site itself. Since the inshore current patterns were not known at Tanguisson Point, two control transects, one on each side of the outfall site, were established (Fig.  3) . Lengths of the transects vary, because of slight differences in submarine topography, as follows: 1) Transect A, 300 meters with 30 stations; 2) Transect B, 330 meters with 33 stations; and 3) Transect C, 290 meters with 29 stations. Figure 4 is a cross sectional profile of Transect B and shows the location of the various reef zones with respect to depth.
Results and Discussion
The first distributional analysis of the reef corals was made during the first six months of 1970, and the second analysis during the same period in 1971. Living corals were found at 59 stations in 1970, and at 65 stations in 1971 (Fig. 6) . In regard to stations with living corals present from 1970 to 1971, there was a gain and a loss of one station each on the outer reef flat zone, a loss of one station on the reef margin zone, and a gain of seven stations on the seaward slope zone. During the 1970 study, 1302 living corals were found within the confines of the quadrat stations and one year later, 1971, the number had risen to 2116. Nearly 82 percent of these new coral colonies have settled in the submarine terrace and seaward slope zones. Settlement of most of the remaining new colonies took place on the outer half of the reeffront zone. Species Composition: Table 1 lists the coral species composition along with their relative frequency of occurrence on the fringing reef at Tanguisson Point during the 1970 and 1971 study periods and for the Tumon Bay control reef studied in 1968. At the control reef 15 species are more or less restricted to the reef flat zones (Table 1) . These restricted species would not be expected to occur at Tanguisson Point because the reef flat zones are poorly developed there and a well defined inner reef flat "moat" is absent. For comparative purposes, then, the total number of species at the control reef should be reduced to the 131 which could be found in equivalent zones at Tanguisson Point. Table 1 shows that of a total of 96 species and 33 genera found at Tanguisson point during 1970, all but nine species and one genus were found again in 1971. There were 23 species and 6 genera of corals new to the Tanguisson transects in 1971. Of these new corals, 12 are also new to the Tumon Bay control reef. At Tanguisson Point, from 1970 to 1971, the relative frequency of occurrence (Table 1) decreased for 51 species, increased for 34 species, and remained unchanged for 1 species. For the reef as a whole, Table 2 shows that the total number of genera has increased by' five at Tanguisson Point from 1970 to 1971. This increases the total number of genera found at Tanguisson Point in 1971 to 38, which is greater than the total of 36 found at the Tumon Bay control reef prior to the A. planci infestation period. The same table shows an increase of 15 species from 1970 to 1971 at Tanguisson Point, but unlike the number of genera which now surpasses that found at the Tumon Bay control reef, the number of species is still 20 below the 131 found prior to the starfish infestation period.
A zonal analysis (Table 3) shows very little change in the number of genera and species on the inner reef flat, reef margin, and reef front zones. Only small changes should be expected in these zones since there has been comparatively little Acanthaster damage to the corals on this part of the reef. Greatest changes have occurred in the submarine terrace and seaward slope zones where Acanthaster predation on corals was more intense. Figure 6 shows the number of genera and species for each transect by stations and reflects more exactly where changes have occurred. Two artifacts are present in Fig. 6 . The first is at Transect A on the reef margin zone and the second at Transect B on the reef margin and inner (shoreward) part of the reef front zones. At both of these transect locations a reduction in the number of genera and species has occurred. At Transect A this reduction was caused by a bloom of a bluegreen alga, Anacystis dimidiata DROUET and DAILY, which, in a small localized region, covered nearly 100 per cent of the reef surface. Many corals were killed as a result of their living tissues being covered by gelations shards of this alga. At Transect B the reduction was caused by the presence of heated effluent from the power plant outfall. Transect B bisects a portion of the outfall plume. Nearly all the corals have been killed on the reef margin and inner (shoreward) part of the reef front zones. Figure 6 graphs, otherwise, show that greatest changes in the number of genera and species has taken place on transect stations located on the submarine terrace and seaward slope zones. An analysis of Fig. 6 reveals that: 1) for the 23 stations at Transect A, where living corals were found, the generic total has increased at 15, decreased at 6, and remained unchanged at 2, and the specific total has increased at 18 and decreased at 5; 2) for the 24 stations at Transect B, where living corals were found, the generic total has increased at 17, decreased at 5, and remained unchanged at 1, and the specific total has increased at 18, decreased at 4, and remained unchanged at 2; and 3) for the 20 stations at Transect C, where living corals were found, the generic total has increased at 16, decreased at 1, and remained unchanged at 3, and the specific total has increased at 19 and decreased at 1. It appears, then, that species diversity is increasing fairly rapidly at Tanguisson Point, which is due in part, to the recolonization of not only the former species which commonly occurred there, but also to species that do not normally occur in the area. Possibly the corals new to the area represent a pioneer group which recolonize the reef surface recently killed by Acanthaster predation. PORTER (1971) reported a similar phenomenon on the west coast of Panama where corals were killed by Acanthaster. As more reef surface becomes covered with living corals, especially by those species which formerly occupied the region, interspecific competition may well become an important factor which could, again, restore the pre-Acanthaster species composition to the reef. Until competition becomes a limiting factor at Tanguisson Point, species diversity could go beyond the 131 level found previously at Tumon Bay. ----------
Reef Surface Coverage by Living Corals:
The percentage of living coral covering the reef surface (Table 4) has increased on all transects and reef zones except for the reef margin on Transect A and the outer reef flat, reef margin, and reef front on Transect B. Reduction of reef surface coverage in these zones is due to the Anacystis dimidiata bloom on Transect A and the presence of the outfall plume at Transect B. Transect C, located well south of the outfall plume, shows a gain in living coral coverage in all reef zones. Figure 7 shows the percent of coral coverage for each station on the three transects and indicates that the highest relative gains have taken place in the submarine terrace and seaward slope zones where A. planci damage to the reef corals was greatest.
Description of the Coral-kill at Transect B: Figure 8 shows coral colonies in the reef margin zone, at Transect B, that have recently been killed by effluent from the power plant outfall. Although heated outfall water has a tendency to float on the surface of the cooler ambient seawater, observations show (Fig. 8) that the corals killed in this zone extend not only from the upper surfaces of the buttresses, which would be exposed to the upper layer of outfall water, but also to the deeper surge channel walls and floors . Temperature data indicates that wave and surf action mixes the outfall water in the reef margin zone, therefore extending the vertical range in which corals are killed. Seaward of the surf zone the warmer outfall water becomes stratified and is generally restricted to the upper one meter water layer. It has little effect on the living corals, since the water depth there is usually greater than one meter, except where the upper parts of coral knobs, bosses, and pinnacles extend up into this one meter layer. Corallum Size Distribution: Table 5 lists the frequency distribution of corals by diameter for each reef zone from 1970 to 1971. The greatest change in size distribution occurred in the 0-5 em range, where a 55 percent increase took place. This large increase is due mainly to the new settlement and growth of coral planulae on the algal incrusted surface of corals, previously killed by A. p/anci. Even though this large increase took place between 1970 and 1971, 62 percent of the corals were also found in the 0-5 em range in 1970. Most of these colonies were represented, at that time, by small patches of coralla, surviving from larger colonies, that were not completely killed by A. planci. The second largest increase was in the 6-10 em range which mostly represents an increase in growth of the surviving coral patches described above, plus some recolonization from planulae settlement from 1969 to 1971. Most of the increase that took place in the 0-5 and 6-10 em size ranges occurred in the submarine terrace and seaward slope zones where A. planci activity was the greatest. There has been a decrease in the number of colonies for most coral size ranges on the reef margin zone and parts of the inner half of the reef front zone because of the coral kill due to the algal bloom at Transect A and the outfall plume at Transect B. Most of the larger coralla are found in reef zones which were not subjected to much damage from A.
planci. Corallum Growth Form Distribution:
If the observed increase in the total number of new colonies found at the station quadrats are due to recent coral planulae set- 202  240  788  1468  5  8  13  25  42  80  232  254  9  14   7  7   2  15  2  5  1302 2116 tlement, then a marked increase in the number of encrusting growth forms should be expected, since most newly settled corals go through an encrusting stage early in their development. Table 6 shows that an increase from 788 colonies in 1970 to 1468 colonies in 1971 has occurred in the number of encrusting growth forms. Eighty three percent of the above increase has taken place in the submarine terrace and seaward slope zones. There has been decreases in the number of colonies in the reef margin and reef front zones because of the corals killed by the algiil bloom and outfall plume at transects A and B respectively. Seventeen percent of the increase in encrusting growth forms occurred in the reef front zone. Most of this increase actually took place on the outer part of the reef front zone where there was some A. planci damage. This reef front increase of encrusting forms should coincide with a corresponding increase in the same zone for corallum diameter in the 0-5 em range, but due to optimum growth conditions found at this zone, these new colonies are mostly distributed in the 6-10 em size range (Table 5 ). The reef front zone also shows some gains in the number of corymbose and cespitose growth forms (Table 6 ) which are attributable to newly colonized corals, but as above they have apparently passed through their early encrusting growth form because of fast growth rates in this zone.
Conclusions
The increase in the total number of new coral colonies observed, the increase in species diversity, and the increase in the percentage of reef surface covered by living corals indicate that coral recovery is taking place at Tanguisson. Most of the coral recovery is taking place in those zones where A. planci infestation and the resulting damage was greatest. The increases observed for the percentage of reef surface covered by living corals is due to recolonization by the settlement of planulae and an increase in size of the few surviving patches or colonies of coral that remained after the starfish infestation period.
Based on a pre-Acanthaster value of 60 percent for the living coral surface coverage at the Tumon Bay control reef and an average gain of 3.0 percent coverage for the submarine terrace zone at Tanguisson Point, from 1970 to 1971, it will then take the reef zone, there, about 20 years to attain the same degree of coverage found before A. planci predation. With a 50 percent pre-Acanthaster value for the living coral coverage at the control reef and an average gain of 1.6 percent coverage for the seaward slope zone at Tanguisson Point, from 1970 to 1971, it will then take the reef zone, there, about 31 years to attain the same degree of coverage as was found before A. planci predation.
The above recovery rates were determined from one year of data and a simple linear extrapolation based on the control reef values taken in 1967 and 1968. Actual growth rates of organisms seldom express themselves in a linear fashion, especially within an ecosystem as complex as that of a coral reef. The above reef recovery hypotheses are, at best, tenuous and based on gains in reef surface coverage by living corals. For the reef to attain the massive framework development that was once found in this region, it may take a much longer period of time-possibly as much as the 700 years predicted by the late T. F. GaREAU (1969 3. The total number of coral genera has increased from 30 to 36 on the Tanguisson Point transects and from 33 to 38 when additional genera observed between transects A and C are included.
4. During the study period, the total number of species has increased from 86 to 107 on the Tanguisson Point transects and from 96 to 111 when additional speqies observed between transects A and C are included. From 1970 to 1971 there were 23 species and 6 genera of corals recorded that were new to the Tanguisson Point transects. Of these new species 12 were also new to the Tuman Bay control reef. Of all the species recorded in 1970, only 9 were not recorded again in 1971. 5. When increases in the number of genera and species are compared by reef zones at Tanguisson Point from 1970 to 1971, there has been little change in the zones where A. planci damage was minimal (except for damage caused by the alga bloom at Transect A and the power plant effluent at Transect B). The most significant increases have occurred on the submarine terrace and seaward slope zones where A. planci infestation and damage to reef corals was greatest.
6. The percentage of reef surface covered by living corals has increased on all reef zones at Tanguisson Point except the reef margin at Transect A (reduction caused by alga bloom) and the inner reef flat, reef margin, and reef front zones at Transect B (reduction caused by power plant outfall). The greatest relative increase in the percentage of reef surface covered by living corals has occurred on the submarine terrace and seaward slope zones.
7. During the study period increases in coral size has been greatest in the 0-5 em range and in the 6-10 range. Most of these increases have occurred in the submarine terrace and seaward slope zones.
8. During the study period greatest changes in the distribution of coral growth forms has been an increase of the encrusting types. Most of this increase has occurred in the submarine terrace and seaward slope zones.
